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Abstract This paper focuses on the primary causes of
changes in potential evapotranspiration (ETo) in order to
comprehensively understand climate change and its impact
on hydrological cycle. Based on modified Penman-
Monteith model, ETo is simulated, and its changes are
attributed by analyzing the sensitivity of ETo to influence
meteorological variables together with their changes for
595 meteorological stations across China during the period
1961–2008. Results show the decreasing trends of ETo in
the whole country and in most climate regions except the
cold temperate humid region in Northeast China. For China
as a whole, the decreasing trend of ETo is primarily
attributed to wind speed due to its significant decreasing
trend and high sensitivity. Relative humidity is the highest
sensitive variable; however, it has negligible effect on ETo
for its insignificant trend. The positive contribution of
temperature rising to ETo is offset by the effect of wind
speed and sunshine duration. In addition, primary causes to
ETo changes are varied for differing climate regions. ETo
changes are attributed to decreased wind speed in most
climate regions mainly distributed in West China and North
China, to declined sunshine duration in subtropical and
tropical humid regions in South China, and to increased
maximum temperature in the cold temperate humid region.
1 Introduction
Climate change characterized by global warming has been
the focus of diversified research fields such as water
resource, agriculture, ecosystem and human health. It has
been reported that the global mean land-surface-air
temperature has risen by about 0.74°C over the past
100 years (1906–2005), and it was predicted to increase
by 1.1 to 6.4°C by 2100 (IPCC 2007). As for China, land-
surface-air temperature has increased by 0.5–0.8°C and
precipitation has large regional fluctuation but no signif-
icant trend in the recent 100 years. It is projected that the
land-surface-air temperature will increase continually and
precipitation will change in an unbalanced pattern in the
twenty-first century (Taskforce on China’s National
Assessment Report on Climate Change 2007). Climate
change has exerted great impact on natural ecosystem and
hydrological cycle.
Potential evapotranspiration (ETo) serves as an important
element of the hydrological cycle in reflecting the maxi-
mum water demand of environment to maintain water
balance. ETo refers to the evaporation and transpiration
over a surface under certain meteorological conditions
without water limitation (Zuo 1990). Some studies have
reported significant decreasing trends in pan evaporation or
ETo in recent decades over worldwide regions including
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European Russia, the western and eastern United States,
Siberia, India, Israel, Australia and New Zealand (Peterson
et al. 1995; Chattopadhyay and Hulme 1997; Brutsaert and
Parlange 1998; Lawrimore and Peterson 2000; Golubev et
al. 2001; Cohen and Stanhill 2002; Ohmura and Wild 2002;
Hobbins et al. 2004; Roderick and Farquhar 2004, 2005).
Moreover, changes in observed pan evaporation or calcu-
lated ETo in China have also been discussed in recent years
(Thomas 2000; Qiu et al. 2003; Liu et al. 2004; Chen et al.
2006; Gao et al. 2006; Wu et al. 2006; Wang et al. 2007a;
Zhang et al. 2007; Cong and Yang 2009). The decreased
pan evaporation or ETo has induced unexpected relation-
ships with changes in other meteorological factors. For
example, it is hard to reconcile with the well-
substantiated increases in global precipitation and cloud-
iness which would normally require more surface
evaporation as the only source of atmospheric water
vapor (Brutsaert and Parlange 1998). In addition, one of
the expected consequences of global warming is that the air
near the surface should be drier, which should result in an
increase in the rate of evaporation from terrestrial open
water bodies (Roderick and Farquhar 2002). Therefore, the
dominant meteorological factors associated with ETo
changes need to be identified in order to grasp a
comprehensive understanding of climate change and its
impact on hydrological cycle, particularly in China with
various climates.
However, no consensus has been reached on the
underlying causes for ETo changes. Many researchers
have attributed decreasing ETo primarily to decreased
sunshine duration or solar radiation in Russia and the
United States (Peterson et al. 1995), China (Thomas 2000;
Liu et al. 2004; Gao et al. 2006), the Yangtze River basin
(Wang et al. 2007a), and Israel (Cohen and Stanhill 2002,
probably resulting from increased cloud coverage and
aerosol concentration (Roderick and Farquhar 2002);
while others have mainly attributed it to wind speed in
Australia (Rayner 2007; Roderick et al. 2007), the Tibetan
Plateau (Chen et al. 2006; Zhang et al. 2007), and
Canadian Prairies (Burn and Hesch 2007), to relative
humidity in India (Chattopadhyay and Hulme 1997), as
well as to maximum temperature in China (Cong and Yang
2009). Uncertainty regarding the above arguments is
mostly induced by the complicated nonlinear relationships
between ETo and its driving meteorological variables such
as temperature, relative humidity, sunshine duration and
wind speed.
In this paper, observed meteorological variables (1961–
2008) are used to simulate potential evapotranspiration in
China. The objectives of this study are: (1) to investigate
changes in ETo and meteorological factors in China since
1960s, (2) to examine the sensitivity of ETo to meteoro-
logical variables and, (3) to determine potential key factors
attributed to ETo changes in the whole country as well as
different climate regions.
2 Materials and methods
2.1 Materials
High-quality monthly observations of 595 meteorological
stations on maximum and minimum air temperatures,
relative humidity, sunshine duration and wind speed during
the period 1961–2008 were used to simulate ETo. The data
was provided by the Climatic Data Center (CDC), National
Meteorological Information Center (NMIC) of China
Meteorological Administration (CMA). A few missing data
were estimated by averaging the value of the other years
observed at the same station.
China is characterized by a broad range of climates from
tropical to cold temperate and from humid to arid. The
regional difference of attribution results was indicated by
eight differing climate regions in China (Zheng 1999), i.e.
cold temperate humid region (I), mid-temperate humid/sub-
humid region (II), north semi-arid region (III), warm
temperate humid/sub-humid region (IV), subtropical humid
region (V), tropical humid region (VI), northwest arid
region (VII) and the Tibetan Plateau alpine region (VIII)
(Fig. 1).
2.2 Methods
Potential evapotranspiration was simulated by the radiation-
modified FAO56-Penman-Monteith model (FAO56-PM;
Yin et al. 2008). The trend of the time series (T) in past
48 years was calculated using the conventional least-
squares linear fitting method. The significance of the trend
was tested by Mann-Kendall statistical test, a widely-used
non-parametric test (Sneyers 1990). Relative change (RC)
was indicated by the percentage of change in 48 years to
absolute average value (|av|):
RC ¼ 48  T
avj j  100% ð1Þ
Attribution researches for ETo change usually applied
correlation or regression analyses to help identify the
relative role of each meteorological variable. However, to
approximately determine the change in ETo expected for
change in one of the independent variables requires
sensitivity analyses (SA). Results of SA, when interpreted
together with known changes in variables, could quantify
the impact of each variable on the ETo trend.
Different ETo models with varied structure and data
requirement differ in their sensitivities to temperature and
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other climate inputs (Mckenney and Rosenberg 1993).
Penman-1948 model was most sensitive to decreased net
radiation (Saxton 1975). The diversity of moisture con-
ditions was another important reason to affect the sensitiv-
ity of ETo (Liu et al. 2004). In Penman-1963 model, the
ouput was more sensitive to temperature than to other
variables (Piper 1989). Penman-Wright model was more
sensitive to maximum and minimum temperatures, and
comparatively less sensitive to solar radiation and wind
speed (Ley et al. 1994). Penman-Monteith model was most
sensitive to relative humidity and the least sensitive to
wind speed in the Yangtze River basin in China (Gong
et al. 2006). ASCE-Penman-Monteith model was most
sensitive to vapour pressure deficit in all the regions of
America (Irmak et al. 2006). Since the sensitivity of ETo
to the same meteorological variable is different under
varied climate conditions or at the same location within a
year (Irmak et al. 2006), the results of above sensitivity
research were difficult to compare. Moreover, different
combinations of changes in meteorological variables also
contribute to the upward or downward trend of ETo (Goyal
2004).
There are many SA methods such as global SA
(derivative analyses, regression technique, Bayes analyses,
Fourier analyses) that can be used to validate the impact of
a few variables on model output (Morris 1991; Saltelli et al.
2000), and local SA that can be employed to assess the
impact of one variable on model output, presuming that the
other variables remain constant (Hamby 1994; Irmak et al.
2006; Wang et al. 2007b). The above SA methods are
different in their applicability, and no single method was
proved to be most effective and prior. Global SA could
reflect the interactions and relationship among variables,
especially in complex models with much more uncertain-
ties. However, this kind of analyses needs enormous model
evaluation (Campolongo et al. 2007). Although local SA
does not reflect the integrated effect of variables (Melching
and Yoon 1996), it has simple procedures and clear
outcome. Researchers must consider all aspects in choosing
a suitable SA method according to data requirement and
research objectives. Local SA has been widely applied and
proved to be effective for evapotranspiration model
(McCuen 1974; Coleman and DeCoursey 1976; Beven
1979; Qiu et al. 1998; Rana and Katerji 1998; Hupet and
Vanclooster 2001; Tamm 2002; Gong et al. 2006);
therefore, local SA was chosen to be applied to estimate
the sensitivity of FAO56-PM model in this study.
Sensitivity coefficient was expressed by a dimensionless
index S, which was calculated by the ratio of change in
output to input on the condition that the other variables
remain constant. The sensitivity of dependent ETo to a
particular independent variable X can be calculated from the
derivative of ETo with respect to X, @ETo=@X i.e. (Beven
1979). For FAO56-PM model with multiple independent
variables in different dimension, S itself is sensitive to the
relative of ETo and X. By removing the effects of
Fig. 1 Distribution of climate
regions in China
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dimension, relative sensitivity coefficient (S) was calculated
(McCuen 1974) as follows:
S¼ @ETo
@X
 Xj j
ETo
ð2Þ
A first-order Taylor series approximation was applied to
calculate S (Hupet and Vanclooster 2001; Lenhart et al.
2002):
S ¼ $ETo
$X
 Xj j
ETo
ð3Þ
Where ΔX is the relative change of model input value X,
ΔETo is the relative change of ETo induced by ΔX.
Coefficient S refers to changes in ETo induced by changes
in the meteorological variable X. If S is 0.5, it means that
10% change of X would cause 5% change of ETo if the
other meteorological variables remain constant. The sign of
S determines whether the model would react codirectionally
to the input parameter change, i.e. an increase (a decrease)
of the parameter leads to an increase (a decrease) of the
output variable. The higher of the coefficient, the more
impact of meteorological variable imposed on ETo. The
primary nature of S is its dimensionless which is convenient
to sort order by influence. In order to assess sensitivity
more clearly, S was ranked into four classes (Lenhart et al.
2002; Table 1).
Attribution analyses were calculated according to the
following steps.
1. Based on monthly observations of maximum air
temperature (tx), minimum air temperature (tn), relative
humidity (rh), sunshine duration (s) and wind speed (w)
from 1961 to 2008, monthly ETo was calculated based
on the modified FAO56-PM model.
2. Monthly ETo was recalculated by decreasing −30, −25,
−20, −15, −10, −5% to increasing by 5, 10, 15, 20, 25,
30% of the initial value for one meteorological factor
while the others remained constant. In this way, 12
scenarios of monthly meteorological variable and ETo
for each station during 48 years can be obtained.
Station values were calculated by averaging monthly
values.
3. Sensitivity was calculated for 12 scenarios according to
the Eq. (3), and then averaged to get the station value
for S.
4. Repeat Eqs. (2) and (3), S for each meteorological
station was calculated for tn, tx, w, rh and s respectively.
5. Multiplying the relative change by S of a meteorolog-
ical variable to get the responding change of ETo to the
variable, and then ETo trends were attributed by
comparing the responding changes of ETo to different
variables during the past 48 years.
3 Results
3.1 Attribution analyses of changes in potential
evapotranspiration in the whole country
Potential evapotranspiration has decreased significantly (at
the 90% level of confidence) in China as a whole during the
past 48 years. The trend of annual ETo was −8.56 mm/10a
on average with a relative decrement of −5.04% compared
to 48-year average value (Fig. 2a).
Except rh, ETo reacted codirectionally to s, tx, w and tn.
By comparing sensitivity coefficients, ETo was found to be
most sensitive to rh, followed by s, tx, w and tn respectively
for the whole country. The sensitivity of ETo to rh was
highest with S of −0.57, which indicated that ETo would
decrease by −5.7% in response to the 10% increment of rh
if the other meteorological variables remain constant. ETo
was highly sensitive to tx, s and w with S of 0.50, 0.31 and
0.25 respectively; while ETo had only a medium-level
sensitivity to tn with a minimum S of 0.13 (Table 2).
Although w is not the highest sensitive variable, it has
declined significantly at a rate of −0.09 m s−1/10a in China
with the relative change of −23.74%. Therefore, it was
found to be the primary contributor which would cause
ETo to decrease by −6.41% in the past 48 years. Sunshine
duration has decreased with a significant trend of −0.12
hour/10a which led ETo to decrease by −3.64%. Maximum
temperature, which influenced ETo in several ways such as
soil heat flux, saturated vapour pressure and net radiation,
has increased significantly at the rate of 0.22°C/10a which
induced ETo to increase by 3.37%. Minimum temperature
has increased at the rate of 0.34°C/10a with a larger
relative change of 176.99% due to the near to zero average
tn in some meteorological stations such as 0.01°C in
Zhongdian (27°50′, 99°42′) and 0.04°C in Tuoli (45°56′,
83°36′). Changes in tn would drive ETo to increase by
2.13%. Relative humidity demonstrated an insignificant
decreasing trend at the rate of only −0.34%/10a with a
relative change of −2.25%, which was smallest within the
Table 1 Sensitivity levels
Sensitivity coefficient Sensitivity levels
0:00  Sj j < 0:05 Small to negligible
0:05  Sj j < 0:20 Medium
0:20  Sj j < 1:00 High
Sj j  1:00 Very high
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five meteorological variables. Therefore, although the
sensitivity of ETo to rh was highest, changes in rh only
induced a negligible increment of 1.43% in ETo (Fig. 2;
Table 2).
In general, the decreasing trend of ETo over a long
period was primarily attributed to decreased w which
contributed 38% of ETo change. The relative change in
ETo caused by changes in all meteorological variables was
−3.12%, a very close approximation to the actual relative
change of ETo. The close approximation indicated that
decreasing ETo could be reasonably attributed by synthe-
sizing the sensitivity of ETo to meteorological variables and
their changes in China.
3.2 Attribution analyses of changes in potential
evapotranspiration in various climate regions
Regional difference of the sensitivity of ETo to meteoro-
logical variables and their changes was investigated to
study the primary causes of ETo trends in various climate
regions.
3.2.1 Wind speed
The sensitivity of ETo to w was positive at all stations, and S
was higher in Northwest as opposed to Southeast China.
High sensitivity mainly appeared in Northwest China
including temperate regions, north semiarid region, northwest
arid region and the Tibetan Plateau alpine region, while
medium-level sensitivity occurred in Southeast China includ-
ing subtropical and tropical humid regions. The highest S was
0.40 in the northwest arid region, while the lowest S was 0.09
in the tropical humid region. This means a 10% increase of
w will lead to 0.9–4.0% enhancement of ETo codirectionally.
In the past 48 years, w had decreasing trends at most
stations. In North China, excluding the cold temperate
humid region, decreased w was most significant with
negative trends less than −0.12 m s−1 per decade. In South
China including the subtropical and tropical humid regions
and the Tibetan Plateau region, the decreasing trends were
relative lower than in North China (Fig. 3).
Decreased w would induce ETo to decline in all
regions, especially in the northwest arid region where a
Fig. 2 Trends of potential evapotranspiration and meteorological variables since 1960s in China
Meteorological variables Sensitivity coefficient S Relative change RC (%) Changes in ETo (%)
Wind speed 0.25 −23.74 −6.41
Sunshine duration 0.31 −10.74 −3.64
Maximum temperature 0.50 8.75 3.37
Minimum temperature 0.13 176.99 2.13
Relative humidity −0.57 −2.25 1.43
Potential evapotranspiration −5.04 −3.12
Table 2 sensitivity of potential
evapotranspiration to meteoro-
logical variables and changes in
these variables
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decrement of −32.46% in w drove ETo to decrease by
−12.83% under the assumption that the other meteorolog-
ical variables remain constant. In humid regions including
subtropical, tropical and cold temperate regions, insignif-
icant decrement of w only induced ETo to decrease by less
than 3% (Table 3).
3.2.2 Sunshine duration
In general, the sensitivity of ETo to s was highly positive in
all climate regions. A small portion of stations with
medium-level sensitivity were mainly distributed in some
stations over Northwest China. The highest S was 0.46 in
the tropical humid region, while the lowest S was 0.22 in
the northwest arid region. During 1961–2008, s had
decreasing trends in most climate regions except the cold
temperate humid region. In the subtropical humid region,
the decreasing daily s was most prominent with a trend of
−0.21 h per decade (Fig. 4).
Decreasing s induced ETo to decrease in most climate
regions, especially in the subtropical humid region where
a prominent decrement of −16.54% in s induced ETo to
decrease by about −6.22% where there also was a
relatively high sensitivity of 0.37 in the past 48 years
(Table 3).
3.2.3 Maximum temperature
The sensitivity of ETo to tx was positive and high in most
regions except for the cold temperate humid region, which
had a medium-level sensitivity. The sensitivity generally
increased from Northwest to Southeast China. The highest
S was 0.65 in the tropical humid region, while the lowest S
was 0.15 in cold temperate zone.
Maximum temperature had increasing trends at a large
part of stations, and the trends were higher in Northwest
China. Generally speaking, the most significant trend of tx
was 0.49°C per decade in cold temperate humid zone,
Fig. 3 Sensitivity and trends of wind speed in different climate
regions since the 1960s in China (+ indicates increasing trend)
Table 3 Relative changes in meteorological variables and the responding changes in potential evapotranspiration in different climate regions
Climate regions Wind speed Sunshine
duration
Maximum
temperature
Minimum
temperature
Relative
humidity
Potential
evapotranspiration
Cold temperate humid
region I
−7.57 −1.83a 1.85 0.57a 55.73 8.36a 10.88 0.48a −4.41 3.37a 8.04 10.94b
Mid-temperate humid/
sub-humid region II
−30.19 −8.53a −6.51 −1.74a 15.04 4.91a 468.06 2.41a −3.86 2.66a −2.51 −0.30b
North semi-arid region
III
−24.11 −8.39a −4.89 −1.19a 13.86 5.60a 183.95 2.01a −3.66 1.82a −1.68 −0.16b
Warm temperate humid/
sub-humid region IV
−28.97 −7.92a −15.53 −4.77a 12.10 3.64a 49.18 3.07a −2.53 1.47a −7.51 −4.51b
Subtropical humid
region V
−18.89 −2.98a −16.54 −6.22a 3.37 1.87a 10.20 2.04a −2.97 1.89a −5.25 −3.41b
Tropical humid region
VI
−12.93 −1.67a −7.32 −3.36a 2.84 1.88a 6.30 2.13a −3.52 1.66a 0.05 0.63b
Northwest arid region
VII
−32.46 −12.83a −3.81 −0.85a 9.38 4.43a 295.39 1.88a 0.11 0.16a −9.24 −7.21b
The Tibetan Plateau
alpine region VIII
−19.71 −6.27a −3.32 −0.79a 12.25 3.93a 506.05 1.52a 0.72 −0.26a −2.91 −1.88b
a Indicates the changes in potential evapotranspiration induced by each meteorological variable
b Indicates the changes in potential evapotranspiration induced by all the five meteorological variables
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meanwhile in Southeast China, the increment was lower
than 0.2°C per decade (Fig. 5).
The upward trend of tx induced ETo to increase in all
climate regions, especially in the cold temperate region
where 55.73% increment of tx induced ETo to increase by
8.36%. In the tropical region, although the sensitivity of
ETo to tx was highest, ETo only increased by about 1.88%
because of the insignificant change of tx (Table 3).
3.2.4 Minimum temperature
The sensitivity of ETo to tn was positive for all stations.
High sensitivity was found in subtropical and tropical
humid regions with S being 0.24 and 0.34 respectively.
However, in most northwest regions, the sensitivity was
insignificant and can be neglected. In most stations, tn had
increasing trends which became gradually more obvious
from South to North China. In mid-temperate humid/sub-
humid regions, the increasing trend was 0.56°C per
decade; in most parts of Northwest China, increasing
trends were approximately more about 0.40°C per
decade; while in Southeast China, the increment was
much less with trends varied from 0.24 to 0.26°C per
decade (Fig. 6).
The increment of tn induced ETo to increase in all
climate regions, especially in warm temperate humid/sub-
humid regions where a 49.18% increment of tn drove ETo
to increase by 3.07%. In the Tibetan Plateau alpine region,
although tn increased to the maximum of 506.05%, ETo
only increased by about 1.52% because of the small to
negligible sensitivity of ETo to tn and an almost zero
average of tn (Table 3).
Fig. 6 Sensitivity and trends of minimum temperature in different
climate regions since the 1960s in China (+ indicates increasing trend)
Fig. 5 Sensitivity and trends of maximum temperature in different
climate regions since 1960s in China (+ indicates increasing trend)
Fig. 4 Sensitivity and trends of sunshine duration in different climate
regions since 1960s in China (+ indicates increasing trend)
Attribution analyses of potential evapotranspiration changes in China since the 1960s 25
3.2.5 Relative humidity
The sensitive of ETo to rh was negative in most stations,
and the absolute S value was higher in East China in
general. Very high negative sensitivity was found in East
China including temperate regions, subtropical and tropical
humid regions, where a decrement of −10% in rh would
result in 6.2–7.5% increase of ETo. High negative sensitiv-
ity mainly occurred in West China including the northwest
arid region, the north semiarid region and the Tibetan
Plateau alpine region, where a decrement of −10% in rh
would result in increased ETo no more than 5%.
Relative humidity had decreasing trends in most stations,
especially in East China. However, in West China,
including the northwest arid region and the Tibetan Plateau
alpine region, rh experienced insignificant trends (Fig. 7).
The negative sensitivity of ETo to rh and its downward
trend induced ETo to increase in East China, especially in
mid-temperate humid/sub-humid regions where −3.86%
decrement of rh induced ETo to increase by about 2.66%
when the other meteorological variables remained constant.
Meanwhile, the increment of rh caused ETo to decrease in
the Tibetan Plateau alpine region where 0.72% increment of
rh induced ETo to decrease by about −0.26% accordingly
(Table 3).
In general, decreased w was the primary factor contribut-
ing to decreased ETo in most climate regions including mid-
temperate humid/sub-humid regions, the north semi-arid
region, warm temperate humid/sub-humid regions, the
northwest arid region and the Tibetan Plateau alpine region.
The contribution of decreased w to ETo change was 42, 44,
38, 64, and 49% respectively in the above five climate
regions. At the same period, in subtropical and tropical
humid regions, decreased s was the key factor to control ETo
changes, and the contribution was 41 and 31% respectively.
Meanwhile, in the cold temperate humid region, inclined ETo
was mainly attributed to the upward trend of tx by 57%.
4 Conclusions and discussion
Attribution analyses for changes in potential evapotranspi-
ration, estimated by radiation modified FAO56-PM model,
were conducted based on the sensitivity of ETo to input
meteorological variables (maximum and minimum temper-
ature, wind speed, sunshine duration and relative humidity)
and their changes in China since the 1960s.
The investigation of the sensitivity of ETo to meteoro-
logical variables in China as a whole, during the past
48 years, revealed that relative humidity was the most
sensitive variable and sunshine duration was the second
most sensitive variable, while minimum temperature was
the least sensitive variable. This is in accordance with Gong
et al. (2006), who reported relative humidity to be the most
sensitive variable in the Yangtze River basin in China.
The sensitivity results, when interpreted together with
changes in meteorological variables, could identify and
quantify key contributors to ETo trends. Although wind
speed was not the most sensitive factor, it has decreased
significantly in the whole country over the past 48 years.
Therefore, the decreasing trend of ETo was obviously
primarily driven by declined wind speed. The same
contributor associated with observed decreases in pan
evaporation was indicated in Australia (Rayner 2007;
Roderick et al. 2007). The process of vapor removal
depends on wind which transfers large quantities of air
over the evaporating surface. Decreased wind speed was
associated with changes in the strength of the large-scale
changes in atmospheric circulations (Chen et al. 2006;
Rayner 2007). Declining trend of mean surface wind speed
in China indicates the weakening of the East Asian
monsoon. The reduction of the East Asian monsoon wind
speed can be caused by many factors such as global
warming, regional and global atmospheric circulation
change, and even human factors (e.g., land use change
and air pollution; Xu et al. 2006).
Increasing temperature is able to enhance ETo as
generally expected. However, the contribution of tempera-
ture rising to ETo was offset, to a large extent, by the impact
of the wind speed, according to its significant decrement
and high sensitivity with ETo. Therefore, ETo has declined
while climate warming has increased.
Fig. 7 Sensitivity and trends of relative humidity in different climate
regions since 1960s in China (+ indicates increasing trend)
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Attribution showed considerable variations between
climate regions. The simulated ETo had decreasing trends
in most regions and increasing trends in the cold temperate
humid region and the tropical humid region during 1961–
2008. Wind speed was found to be a primary cause of
decreased ETo in most climate regions, especially in the
northwest arid region. The more arid the climate is, the
greater influence wind speed has on ETo. During the same
period, changes in ETo in subtropical and tropical humid
regions were mainly attributed to decreased sunshine
duration. However, as for the increasing trend of ETo in
the cold temperate humid region, maximum temperature
rising was a primary cause. Previous research has showed
that, for China as a whole, sunshine duration has appeared
to be the most important controlling factor leading to
reduced ETo (Thomas 2000; Gao et al. 2006). South of
35°N, sunshine appeared to be most strongly associated
with evapotranspiration changes while wind, relative
humidity and maximum temperature were the primary
factors in northwest, central and northeast China, respec-
tively (Thomas 2000). However, close inspection in this
paper indicated that sunshine duration was the key
contributor associated with ETo only in South China, and
wind speed was the most important variable instead of
relative humidity in Central China since the 1960s.
In the Tibetan Plateau, wind speed was revealed to be
the primary contributor to declined ETo, which was in
accordance with Chen et al (2006) and Zhang et al (2007).
Relative humidity was the second most important meteo-
rological variable affecting annual ETo trends declared by
Chen et al (2006). However, we found relative humidity
had negligible effect on ETo change in the Tibetan Plateau
according to attribution analyses.
For a more complete understanding of the mechanism of
changes in potential evapotranspiration response to climate
change, further attention should be paid to procession
variables such as vapour pressure deficit and daily
temperature range, as well as to the possible influence of
circulation parameters on wind speed and ETo trends.
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